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(57)Abstract 

PURPOSE: To reduce leakage flux between a field magnet and a 
magnetic unit, by inserting ferromagnetic substance in a space between 
conductors in the same axial direction as that of the magnetic flux of 
the field magnet, and by forming axis-directional magnetic anisotropy on 
the conductors. 

CONSTITUTION: On the front and rear sides of a heat-conductive 
insulating plate 2 having a hollow section 2a on the center, flat coil 
sheets 3 for conductors extending radially in the diameter direction are 
arranged, and three phase AC flat coil 1 is obtained. Into a space 
between the front and rear sides of the three phase AC coil 1 , epoxy 
resin 5 mixed with ferromagnetic substance is made to flow. Between 
the three phase coil 1 and the plane section 9a of a rear housing 9, a 
flat-plate-formed core 11 is arranged via a heat-conductive insulating 
plate 10. The three phase AC coil 1 is placed between a front housing 12 
and the rear housing 9. A rotor 17 is rotated via a shaft 13 along with 
the rotation of a pulley 14. 
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ABSTRACT 



An annature coil assembly for magnet-type rotary elec- 
tric machines such as alternators or motors, which com- 
prises flat conductor pieces or segments with large-area 
sides thereof arranged parallel to the direction of the 
magnetic fluxes of a permanent magnet, and a ferromag- 
netic member inserted between the conductor pieces. 
The ferromagnetic member inserted provides a mag- 
netic anisotropy in the armature coil along the axis of 
coil rotation, thus the flow of magnetic fluxes from the 
magnet through the armature coil to the machine core is 
facilitated thereby to reduce leakage magnetic fluxes. A 
stator coil assembly is also made up by using like coil 
conductor segments. 

8 Claims, 11 Drawing Sheets 
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ROTARY ELECTRIC MACHINE COIL 
ASSEMBUES 

This is a continuation of application No. 07/075,263 5 
filed July 17, 1987, abandoned, which was a continua- 
tion of application No. 06/844,166 filed Mar. 26, 1986, 
abandoned. 

BACKGROUND OF THE INVENTION 10 

The present invention relates to coil assemblies used 
for rotary electric machines such as magnet generator 
or magnet motor. 

A conventional armature coil of this type, as dis- 
closed in the specification of U.S. Pat. No. 3,091,715, 
comprises tabular half-coO conductors each including 
an inner portion, outer portion inclined radially and 
radial central portion provided by printed wiring on 
both sides of an insulating disc. A radial recess or slot is 20 
formed in the central portion of the half coil to divide 
each conductor into two branches, and a tongue of 
magnetic material is put to fill the recess thereby to 
increase the effective magnetic fluxes in the gap. 

In the above conventional armature coil, when mag- 
netic fluxes pass through the tongue of magnetic mate- 
rial in the axial direction perpendicular to the conduc- 
tor, an annular eddy current is generated in the conduc- 
tor on the outer periphery of the magnetic tongue, 3Q 
thereby leading to the disadvantage of the output being 
reduced by the eddy current loss. 

Further, since the conductor is tabular in form and 
occupies a certain width in peripheral direction when 
arranged on the insulated disc, it is impossible to in- 35 
crease a number of winding turns, and therefore an 
output more than a predetermined level cannot be pro- 
duced. 

SUMMARY OF THE INVENTION 40 

It is therefore an object of the present invention to 
provide an armature coil comprising a multiplicity of 
flat conductors extending along radial direction and 
arranged substantially at equal intervals peripherally ^5 
through gaps, and a plurality of ferromagnetic members 
inserted between the conductors. The inserted ferro- 
magnetic members provide a magnetic anisotropy in the 
armature coil in the direction of the rotational axis of 
the coil, so that the flow of magnetic fluxes from the 50 
magnetic poles toward the core of the rotary machine 
thereby to rieduce the leakage magnetic fluxes. 

Another object of the present invention is to provide 
an armature coil using a multiplicity of flat V-shaped 
conductors prepared by pressing conductor plates. 

It is also an object of the present invention to provide 
a stator coil assembly comprising like conductors ar- 
ranged along an insulating cylindrical support. 

StiJl another object of the present invention is to 
provide a flat-type rotary electric machine comprising 
an armature coil including a multiplicity of flat conduc- 
tors arranged at substantially equal peripheral intervals 
through gaps and ferromagnetic members inserted in 
the gaps, magnetic poles arranged on the axial ends of 65 
these conductors, and a core member for passing the 
magnetic fluxes generated from the magnetic poles 
across the conductors. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a half-sectional front view showing a first 
embodiment of a flat-type rotary electric machine ac- 
cording to the present invention. 

FIG. 2 is a front view of a three-phase AC coil for the 
rotary electric machine shown in FIG. 1. 

FIG. 3 is a schematic diagram showing a distribution 
of magnetic fluxes of a permanent magnet in the section 
along the line A— A in FIG. 1. 

FIG. 4 is a front view showing a three-phase AC coil 
of a fiat-type rotary electric machine according to a 
second embodiment of the present invention. 

FIG. 5 is a perspective view of an iron plate used 
with the second embodiment of the present invention. 

FIG. 6 is a schematic diagram, showing a distribution 
of magnetic fluxes of a permanent magnet according to 
the second embodiment. 

FIG. 7 shows a characteristic of an input against the 
rotational speed for a flat-type rotary electric machine 
according to the present invention. 

FIG. 8 is a schematic diagram showing a distribution 
of magnetic fluxes of a permanent magnet of a conven- 
tional flat-type rotary electric machine. 

FIGS. 9 to 11 are schematic diagrams showing an 
armature conductor according to a third embodiment of 
the present invention. 

FIGS. 12 to 14 are schematic diagrams showing an 
AC generator for vehicles and a stator thereof accord- 
ing to a fourth embodiment of the present invention. 

FIG. 15 shows a coil conductor segment used for a 
stator coil assembly of the fourth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In a first embodiment shown in FIGS. 1 to 3, a three- 
phase AC coil 1 of a magnet generator includes flat coil 
segment or pieces 3 making up conductors radially 
extending along the diameter on the front and back side 
of an annular heat conductive insulating plate 2 having 
a hollow portion 2a at the central part thereof. A coil 
piece 3, which is made of a non-magnetic copper plate, 
is arranged on the insulating plate 2 in such a manner as 
to have the width thereof along the axial direction. A 
multiplicity of coil pieces 3 are arranged equidistantly 
through gaps 4 along the peripheral direction. The 
outer and inner peripheries of the coil piece 3 are 
welded on both the front and back thereby to obtain a 
three-phase AC coil 1 in flat wave- winding form. A 
method of fabrication of this three-phase AC coil 1 is 
disclosed in the specification of U.S. Pat. No. 4,500,806. 

In the next process, the front and back side gaps 4 on 
the plate 2 of the three-phase AC coil 1 are filled with 
an epoxy resin 5 mixed with a ferromagnetic material 
(such as ferrite, nicker or iron at least 10 in specific 
magnetic permeability). In this process, the epoxy resin 

5 is inserted along the axial direction (by the thickness 
of the coil piece 3) in the gaps 4. then heat is applied to 
thermally set the epoxy resin 5. In this way, the coil 
pieces 3 are fixed to form the three-phase AC coil 1. 

Holders^,? and 8 with a channel or U-shaped section 
are arranged through a heat conductive insulating sheet 

6 on the outer and inner peripheral sides of the three- 
phase AC coil 1. These holders 7 and 8 are made of a 
material of high heat conductivity such as aluminum, 
and insulates a rear housing 9 and the coil pieces of the 
three-phase AC coil 1 from each other by means of the 
heat conductive insulating sheet 6. 



TABLE 1 





A 


B 
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X (Gqius) 


9900 


9600 


900 


300 


Y (Gauss) 
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-700 
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The rear housing 9 formed of aluminum, on the other With the rotation of the magnet 18, an AC power is 

hand, includes a flat portion 9a covering the end face of generated in the three-phase AC coil 1, which power is 

the three-phase coil 1, a first holder section 9^ defining rectified by the thyristor bridge into a predetermined 

the outer periphery of the holder 7 formed on the outer voltage. This voltage is supplied to an external electri- 

periphery of the flat portion 9a. and a second holder 5 cal load through the output terminal 22. 

section 9c formed on the inner side of the flat portion 9a FIG. 3 is an enlarged sectional view taken along the 

for defining the outer periphery of the holder 8. The line (A)— (A) in FIG. 1. and shows a case in which the 

three-phase AC coil I having the holders 7 and 8 magnetic fluxes of the magnet 18 act on the three-phase 

mounted thereon is fixed between the first holder sec- AC coil 1. The quantity of magnetic fluxes involved is 
tion 9b and the second holder section 9c The inner side 10 shown in Table 1 below, 
of the second holder section 9c is formed with a recess 
9d into which a shaft 11 is inserted with a bearing 16 
therebetween. Further, the outer periphery of the flat 
portion 9a is formed with a fin 9^ to secure heat radia- 
tion. 15 

A flat iron core 11 of magnetic material such as a 

ferromagnetic iron is arranged with a heat conductive In this table character A designates the center of the 

insulating plate 10 between the three-phase AC coil 1 magnet 18 which corresponds substantially to the cen- 

and the flat portion 9a of the rear housing 9. ter of a coil piece 3 on the back side (the rear housing 9 

The front housing 12 is also formed of aluminum, and 20 side) of the insulating plate 2, character B designates the 

the three-phase AC coil 1 is securely held between the center of the magnet 18 which corresponds substan- 

front housing 12 and the rear housing 9. Two openings tially to the center of a coil piece 3 of the front side 

including first and second openings 12a and 12h are (front housing 12 side) of the insulating plate 12, charac- 

formed in the axial ends of the front housing 12, and a ter C designates the center between the adjacent mag- 

plurality of exhaust holes 12c are formed on the outer 25 nets 18 and corresponds substantially to the center of a 

periphery along the diametrical direction. Also, a parti- coil piece 3 on the back side (rear housing 9 side) of the 

tion wall I2d is provided between the first and second insulating plate 2, and character D designates the center 

openings 12a and I2b. The step 12c of the front housing between the adjacent magnets 18 and corresponds sub- 

12 is connected by spigot joint with the first holder stantially to the center of a coil piece 3 on the front side 

section 9b of the rear housing 9, so that the housing 9 30 (front housing 12 side) of the insulating plate 2. Also, 

and the housing 12 are integrally fixed by a through bolt character X designates the quantity of magnetic fluxes 

not shown. A screw 19 is used to secure a bearing 16 (in Gauss) flowing from the magnet 18 toward the iron 

with a bracket 20 fixed on the inner side of the front core 11 in parallel, and character Y designates the quan- 

housing 12. tity of magnetic fluxes (in Gauss) flowing in vertical 

A shaft 13 having a pulley 14 fixed to an end thereof 35 direction (upward) of the iron core 11 from the magnet 

with a boll 15 is rotatably supported on the front hous- 18. 

ing 12 and the rear housing 9 through the bearings 16. FIG. 8 shows a conventional construction in which 

The outer periphery of this shaft 13. has a rotor 17 fixed there is not any ferromagnetic material inserted in the 

thereto, which rotor 17 is adapted to rotate integrally gaps between the coil pieces 3 of the three-phase AC 

with the shaft 13. The rotor 17 is provided with a per- 40 coil 1. Table 2 indicates a distribution of magnetic fluxes 

manent magnet 18 forming a field at a position opposite of the three-phase AC coil 1 shown in FIG. 8. 
to the iron core 11 through the three-phase AC coil 1 as 
shown in FIG. 3. This permanent magnet 18 is magne- 
tized in axial direction. A plurality of such permanent 
magnet 18 have magnetic poles alternating in polarity 45 
and arranged along the circumferential direction. The 
permanent magnet 18 may alternatively be magnetized 

in the circumferential direction instead of the axial di- As will be seen from Tables 1 and 2, measurements 

rection. A plurality of coil pieces 3 are arranged over show that in the first embodiment, the magnetic fluxes 

the peripheral width of the permanent magnet 18. A 50 flowing in axial direction through the iron core 11 from 

plurality of scoops 17a and fans 17^ are formed at posi- the magnets 18 are several times as much as those in the 

tions opposing to the first and second openings 12a and conventional construction. 

t2b respectively along the periphery on the front hous- In other words, with the leakage magnetic fluxes of 

ing 12 side of the rotor 17. A hole 17c is provided at the the magnet 18 reduced, the three-phase AC coil 1 is 

positions of the scoops 17a. 55 subjected to an axial magnetic onisotropy, thereby mak* 

A thyristor 21 is electrically connected to the three- ing it possible to apply the magnetic fluxes of the mag- 
phase AC coil 1 and is securely fitted by screw to the net 18 effectively to the iron core 11. In this way, by 
inner periphery of the front housing 12. An output ter- using the magnet 18 efficiently, the output of the mag- 
minal 22 is electrically connected to a thyristor bridge net generator is improved with the some volume or 
including the thyristor 21 and a diode not shown. 60 geometrical features. 

With the rotation of the pulley 14, the rotor 17 routes Also, the three-phase AC coil 1 is securely held be- 

with the shaft 13. The rotation of the fans lib of the tween the first holder section 91 and the second holder 

rotor 17 causes the air from the first opening 12a to cool section 9b thereby to prevent the three-phase AC coil 1 

the thyristor bridge 21 and to flow out through the from vibrating in high-speed operating range, 

exhaust ports 12c. On the other hand, the scoops 17a 65 Further, the coil piece 3, which is thin in the direction 

causes the air from the second opening 12^ to cool the opposed to the magnet 18 and thick in direction.(in 

three-phase AC coil 1 through the hole 17c and flow out which the magnetic fluxes flow), hardly develops an 

through the exhaust ports 12c in similar manner. eddy current In addition, since a multiplicity of coil 
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2900 
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100 


Y (Gauss) 
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pieces may be arranged in peripheral direction, the 
ampere turn is much increased. 

In the second embodiment of FIG. 4, ferromagnetic 
members are inserted in alternate gaps 4 between the 
coil pieces 3. Each of the ferromagnetic members is 5 
made of an iron plate 23 with the surface thereof insula* 
tion-ucated as shown in FIG. 5, As shown in FIG. 5, 
the iron plates 23 each have flat side surfaces (of which 
only flat side surface 23a is shown in FIG. S) and a 
thickness dimension "t** with the peripheral edge sur- 10 
faces of the iron plates 23 defined by the thickness di- 
mension **t". This iron plate 23 is inserted in the alter- 
nate gaps 4. As shown in FIG. 4, the flat side surfaces of 
the iron plates 23 are positioned in a side-by-side rela- 
tionship with their immediately adjacent coil pieces 3. 15 
Subsequently, an adhesive 24 is injected into the rest 
gaps 4 thereby to secure the coil piece 3 and the iron 
plates 23 in the gaps 4 at the same time. 

FIG. 6 shows a distribution of magnetic fluxes of the 
magnet 18, and Table 3 shows the quantity of magnetic 20 
fluxes. 

TABLE 3 
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A 


B 


C 


D 


X (Gauss) 


ISSOO 


12700 


1100 


1200 


Y (Gauss) 


0 


-400 


-100 


-400 
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Table 3 indicates that as compared with the case 
shown in Table 1 related to the first embodiment, the 
magnetic fluxes flowing in axial direction in the iron 30 ^^^l^ ^^^^ ^, 
core 11 from the magnet 18 are increased, thus making 
it possible to apply the magnetic fluxes of the magnet 18 
more effectively to the iron core 11. 

It is also possible to change the input characteristic by 
changing the inductance of the three-phase AC coil 1 35 
which in turn is chanjged by changing the specific mag- 
netic permeability of the ferromagnetic member. In the 
prior art, if the input characteristic is to be changed 
with the same quantity of magnetic fluxes, the winding 
specification of the three-phase AC coil 1 is required to 40 
be changed. The input characteristic against the speed 
shown in FIG. 7, in which characters E, F and G desig- 
nate the characteristic for the specific magnetic permea- 
bility (jis) of 1 (without any ferromagnetic member), 



having a disc-iike armature with a multiplicity of coils 
in wave winding. 

Furthermore, the permanent magnet 18 may be re- 
placed with equal cflect by iron core wound with a coil 
to generate a magnetic a field. In addition, a permanent 
magnet may be used in place of the iron core 11 making 
up a magnetic member. 

A third embodiment is shown in FIGS. 9 to 11, FIG. 
9 illustrating a perspective view of a coil piece 3, and 
FIG. 10 a front view of the coil piece 3. This coil piece 
3 is formed of a single plate subjected to press work, in 
which an upper arm 3a and a lower arm Zb are formed 
branching out from the center to define a V shape. A 
predetermined gap is formed in the pressing work so as 
to accommodate the insulating plate 2 between the 
upper arm 3o and the lower arm 3b, 

A couple of iron plates 30 having a substantially equal 
thickness along the periphery and axis are welded or 
otherwise connected in the parallel peripheral direction 
at the parts of the upper arm 3a and the lower arm 3b 
which are opposed to the magnet 18. As shown in 
FIGS. 9 and 10, the iron plates 30 each have flat side 
surfaces (of which only flat side surface 30^ is shown in 
FIG. 9) and a thickness dimension **t" (best seen in FIG. 
10) with the peripheral edge surfaces of the iron plates 
30 defined by the thickness dimension "t". The flat side 
surfaces of the iron plates 30 are positioned in a side-by- 
side relationship with their respective arms 3a or 3b of 



As shown in FIG. 10, the opening angle 6 of the 
upper arm 3a and the lower arm 3b connected with the 
iron plates 30 is set in accordance with the number of 
poles of the magnet 18. SpecificaJly, if the number of 
poles are six (the number of N and S poles of the magnet 
18 is 12 along the periphery), it is set to ^=360/12=30 
degrees. 

Further, the parts of the upper aim 3a and the lower 
arm 3b opposing to the magnet 18 are smaller in axial 
thickness than the ends thereby to reduce the resistance 
thereat. 

The center of the coiJ piece 3 is inserted from the 
centra] hole 2a side of the insulating plate 2, and the 
insulating plate 2 is inserted between the upper arm 3a 



500 and 5000 respectively, however, indicates that with 45 and *e lower arm 3b, In the process, the upper arm 3a 



the increase in the specific magnetic permeability of the 
fcrroraagneiic member, the input is increased in the 
low-speed area, and the input is saturated with the in- 
crease in the coil impedance in the high speed area. 

As will be seen from above, the input characteristic, 
which is changed by the change in winding specifica- 
tion in the prior art, can be changed merely by changing 
the specific magnetic permeability of a ferromagnetic 
member according to the present invention. Instead of 
the epoxy resin 5 used mixed with the ferromagnetic 
member in the first embodiment described above, a 
thermosetting resin, or a silicon-vamish mixture dis- 
closed in the Japanese Patent Publication Laid-Open 
No. 51-82319 may be employed. 



50 



55 



of another coil piece 3 is disposed on the lower arm 3b 
of the first-inserted coil piece 3 by way of the insulating 
plate 2. 

The peripheral end portions 3a* and 3b' of the upper 
arm 3a and the lower arm 3b of the coil piece are 
welded to different coil pieces 3 respectively at the 
outer periphery of the insulating plate 2 thereby to wind 
the coil pieces 3 in wave form. 

As shown in FIG. 11, resin 31 or the like is inserted 
securely in the gap between different upper arms 3a. In 
other words, since the iron plate 30 is connected to the 
parts of the upper arm 3a and the lower arm 36 oppos- 
ing to the magnet 18, the coil piece 3 and plate 30 are 
connected in parallel to each other. Thus, assuming 



Also, the present invention may be applied, instead of 60 exemplarily the use of iron and copper of the same 



to a three-phase AC coil 1 of a magnet generator, to a 
DC rotary electric machine with an armature of a 
printed circuit comprising a multiplicity of tabular con- 
ductors arranged on the front and back sides of an insu- 
lating plate and their iimer and outer peripheries con- 65 
nected as disclosed in the U.S. Pat. No, 3,231,774. Fur- 
ther, as indicated by the U.S. Pat. No. 3.480.815, the 
present invention may be used with a motor or the like 



sectional areas as the respective conductors, then the 
iron (9.80x10-8 ohm.m in resistivity) and copper 
(1.72X 10-*ohm.m in resistivity) are connected in par- 
allel, so that the whole resistivity is reduced to 
1. 46 X 10-8 ohm.m. with the result that a more current 
flows than in the case of construction of using copper 
alone. The current flowing io the coil piece 3 is thus 
increased thereby to improve the output even more. 
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8 



25 



In this way, the plate 30 is used to apply the magnetic 
fluxes of the magnet 18 effectively on the one hand and 
used as a current path on the other hand. 

A fourth embodiment is shown in FIGS. 12 to 14, 
FIG. 12 illustrating a front sectional view of the essen- 5 
tial parts of an AC generator for vehicles. The essential 
parts are configured in the same way as those disclosed 
in the specifications of the U.S. Pat. Nos. 4,418,295 and 
4.419,597. 

FIGS. 13 and 14 show a stator. This stator 50 is 
mounted on the inner periphery of a front-side frame 40. 
A couple of pole cores 42 wound with a rotor coil 41 
are arranged rotatably on the inner periphery of the 
stator 50. 

The stator 50 includes a stator core 51 and a stator 
coil 52 wound on the stator core 51. 

The stator coU 52, as shown in FIG. 15, comprises 
coil conductor segments each having an upper arm 53^ 
and a lower arm S3b branched out from the center of 
each segment 53 made of a single copper plate. The ^ 
upper arm 53a and the lower arm 536 are arranged in 
parallel to each other, to each end surface of which is 
welded an iron plate 54 of the same length as the axial 
length of the stator core 51 (the axial length of the rotor 
coil 41). 

A cylindrical insulating plate support 55 is inserted 
between the upper arm 53a and the lower arm $Zb, and 
in the case of three-phase AC a plurality of another 
upper arms S3a or lower arms 53b are arranged in a 
multiple of three between the upper arm 53a and the 
lower arm S3b of one coil segment 53. Also, the ends of 
different upper arms 53a and lower arms S3b are welded 
in wave winding outside of the end of the insulating 
plate support 55, and the three-phase stator coil 52 is 35 
formed cylindrically in such a manner as to arrange a 
multiplicity of coil segment 53 along the peripheral 
direction. 

The coil segments 53 of the stator coil 52 are ar- 
ranged in such a way that the thickness of the coil seg- ^ 
ments 53 lies along the radial direction. 

The stator coil 52, on the other hand, is provided with 
a first resin member 57 in spaced relations from the ends 
at the central part thereof and a second resin member 56 
at the ends thereof to prevent the coil segments 53 from 43 
coming into contact with each other. Also, an insulating 
member is inserted between the stator core 51 and the 
stator coil 52. 

Further, a coil segment 53 is exposed between the 
first resin 57 and the second resin 56, and the exposed 50 
portion 52a is disposed at a position opposed to the 
diametrical periphery of a couple of fans 43 fixed on the 
ends of the pole core 42. The air from the fans 43 cools 
the exposed portion 52a acting as fin thereby to cool the 
whole of the stator coil 52 more effectively. 53 

The operation of the above-mentioned AC generator 
for vehicles will be explained. A current is supplied 
through a brush 44 and a slip ring 45 to a rotor coil 41 
thereby to induce magnetic poles N and S in a lug 42a 
of the pole core 42. Also, the rotary force of the internal 60 
combustion engine is transmitted through a pulley 46 to 
the pole core 42 from a shaft 47. With the rotation of the 
pole core 42, an AC current is induced in the stator coil 
52. This AC current is rectified by a rectifier, and the 
output voltage is controlled by a regulator. 65 

We claim: 

1. A cylindrically-shaped coil assembly for rotary 
electrical machines, comprising: 



a plurality of U-shaped coil conductors, each conduc- 
tor having first and second spaced legs having 
respective flat side surfaces with the flat sides of 
each leg aligned in a radial direction relative to the 
axis of said assembly; 

electrically-conductive and ferromagnetic plates 
electrically connected to respective ones of the flat 
side surfaces of said coil conductors through direct 
surface-to-surface contact and through a strong 
mechanical coupling therebetween to thereby re- 
duce copper loss of the coil and enhance the heat 
radiation capability of the coil; and 

insulating material between said coil conductors con- 
nected to said ferromagnetic plates to fu said coil 
conductors in place. 

2. An armature coil assembly for rotary electrical 
machines, comprising: 

flat coil conductors fabricated from copper and hav- 
ing first surfaces radially elongated and circumfer- 
entially disposed to interlink an incoming magnetic 
flux; and 

electrically conductive and ferromagnetic plate fabri- 
cated from iron and having a flat surface being in 
electrical contact and in strong mechanical cou- 
pling with the flat surface of said flat coil conduc- 
tors and disposed to interlink said incoming mag- 
netic flux, thereby concentrating said magnetic flux 
on said plate, reducing eddy currents generated in 
said coil conductors, and lowering the eddy cur- 
rent loss of the copper and iron of said flat coil 
conductors and of said electrically conductive and 
ferromagnetic plates, respectively. 

3. An armature coil assembly according to claim 2, 
wherein said plate is an iron plate thereby lowering he 
combined resistance of said conductor and said iron 
plate in electrical contact therewith relative to the resis- 
tance of said conductor. 

4. A coil assembly for rotary electrical machines, 
comprising: 

a plurality of U-shaped coil conductors, each conduc- 
tor having flrst and second spaced legs having 
respective flat side surfaces with the flat sides of 
each leg aligned in a radial direction relative to the 
axis of said assembly; 

electrically-conductive and ferromagnetic plates me- 
chanically secured and electrically connected to 
respective ones of the flat side surfaces of said coil 
legs through direct surface-to-surface contact to 
reduce variations in torque, lower vibration, re- 
duce conduction losses, and enhance the heat radia- 
tion capability of the coil conductors; and 

insulating material between said coil conductors con- 
nected to said ferromagnetic plates to fix said coil 
conductors in place. 

5. A cylindrically-shaped coil assembly for rotary 
electrical machines, comprising: 

a plurality of N U-shaped coil conductors, each con- 
ductor having first and second spaced legs to pro- 
vide M legs haying respective flat side surfaces 
with the flat sides of each of said M legs aligned in 
a radial dLrcction relative to the axis of said assem- 
bly, said N coil conductors distributed circumfer- 
ential! y about the axis; 

at least one electrically-conductive and ferromag- 
netic plate electrically connected to respective 
ones of the flat side surfaces of said M legs through 
direct surface-to-surface contact and mechanically 
affixed thereto to thereby reduce copper loss of 



said coil conductors and enhance the heat radiation 
capability of said coil conductors; and 

insulating material between said coil conductors con- 
nected to said ferromagnetic plates to fix said coil 
conductors in place. s 

6. A cylindrically-shaped coil assembly formed about 
a central, longitudinally extending axis for rotary elec- 
trical machines, comprising: 

a plurality of N U-shaped coil conductors, each con- 
ductor having first and second spaced legs Ni and 10 
Ni having respective flat side surfaces with each 
leg N| and N2 aligned parallel to the longitudinal 
axis of the coil assembly and with the flat side 
surfaces thereof aligned in a common radial plane 
that is normal to a plane transverse to the axis of 15 
the coil assembly, said N coil conductors distrib- 
uted circumferential ly about the axis to define said 
cylindricaJly shaped coil assembly; 

an electrically-conductive and ferromagnetic plate 
mechanically affixed and electrically connected to 20 
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one of the flat side surfaces of said legs Ni and N2 
through direct surface-to-surface contact, said 
electrically-conductive and ferromagnetic plates 
functioning to reduce the conduction losses of said 
coil conductors, reduce vibration, and enhance the 
heat radiation capability of the coil conductors; and 
insulating material between said coil conductors con- 
nected to said ferromagnetic plates to fix said coil 
conductors in place. 

7. The cylindrical]y*shaped coil assembly of claim 6, 
wherein: 

said N coil conductors are drcumferentially equi- 
spaced about the axis. 

8. The cylindrically-shaped coil assembly of claim 7, 
wherein: 

the cross-section area of each of said legs Ni and N2 
of said N coil conductors in a plane transverse to 
the axis are substantially equal along their lengths. 
• # « • • 
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